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Introduction 


The  Army  Research  Laboratory  (ARL)  has  been  studying  Active  Protection  System  (APS) 
schemes  for  defense  against  a  variety  of  potential  threat  targets  including  rocket  propelled 
grenades  (RPG)  and  kinetic  energy  penetrators  (KEP).  Static  RCS  measurements  of  RPGs  and 
KEPs  at  Ka-band  are  needed  to  better  understand  the  scattering  phenomenology  associated  with 
various  targets.  As  a  result,  the  ability  to  make  KA-band  measurements  in  the  Adelphi 
Laboratory  Center’s  (ALC)  anechoic  chamber  facility  has  been  developed  to  make  these  static 
measurements.  The  details  of  the  experimental  setup  and  radar  specifications  are  described  fully 
in  footnotes  1  and  2.  During  these  measurement  programs,  whenever  targets  of  interest  were 
available,  ARL  took  advantage  of  this  new  capability  to  build  a  database  of  Ka-band  RCS  values 
for  various  targets.  This  note  documents  the  modeling  and  measurement  of  a  .50  caliber  bullet. 


Target  Description 


The  bullet  is  a  copper-jacketed  lead  bullet  5.79  cm  in  length  and  1.295  cm  at  the  largest 
diameter.  It  is  a  pristine  bullet  meaning  it  has  not  been  fired  through  a  gun  barrel  so  there  are  no 
Ians  or  grooves  along  the  length  of  the  bullet.  The  tip  is  a  nominal  0.286  cm  diameter  flattened, 
oblate  hemisphere  and  the  rear  diameter  is  0.885  cm.  Figure  1  shows  three  photos  of  the  bullet, 
head-on,  broadside,  and  from  the  rear. 


Figure  1 .  Three  views  of  the  bullet  a)  head-on,  b)  broadside,  and  e)  from  the  rear.  The  upper  scale  is 
millimeters  and  the  bottom  scale  is  inches. 
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Radar  Description 


The  radar  used  to  collect  the  high-range-resolution  (HRR)  signature  data  was  designed  and 
developed  at  ART  and  is  reported  in  detail  in  footnote  2.  The  antenna  is  a  fully  polarimetric 
monopulse  antenna.  The  radar  data  was  collected  using  a  pulsed  stepped  frequency  waveform. 
The  measurements  were  made  at  a  range  of  14  m. 


Experiment  Description 


The  bullet  was  suspended  by  the  center-of-mass  from  the  chamber  ceiling  using  0.15-mm 
diameter  40-lb  test  polyethylene  fiber  with  a  dielectric  constant  of  2.39  in  the  2-18  GHz  range. 
By  looping  the  line  around  the  bullet  along  the  brass  crimp  groove,  the  smaller  of  the  two 
grooves,  the  bullet  was  stable  and  remained  level.  The  bullet  did  tend  to  rotate  in  the  azimuth 
plane  so  two  ceiling  lines  were  necessary  to  secure  the  bullet  in  place.  The  azimuth  angle  was 
determined  by  aligning  a  laser  along  the  bullet  length  and  then  used  to  point  the  bullet  at  the 
radar  antenna.  A  digital  level  was  used  to  set  the  elevation  angle  to  zero.  To  ensure  the  accurate 
locating  of  the  bullet,  a  piece  of  aluminum  tape  was  affixed  to  the  tip  of  the  bullet  and  measured 
allowing  for  precise  location  of  the  bullet  in  subsequent  measurements. 

To  correct  errors  in  the  radar  and  to  scale  the  measurements  to  square  meters,  an  8.4  cm  trihedral 
calibration  reflector  was  measured  suspended  just  as  the  bullet. 


Data 


Copolarization  data  for  both  vertical  and  horizontal  polarizations  was  collected  using  a  250-KHz 
pulse  repetition  frequency  (PRF).  The  transmitted  waveform  was  stepped  from  32.4  GHz  to  35.6 
GHz  using  512,  6.25-MHz  steps  providing  4.7  cm  resolution  in  range.  Each  dataset  was 
transformed  into  a  HRR  profile  using  a  complex  Fourier  transform  applied  to  the  data  shaped 
with  a  40-dB  Hamming  window.  The  measured  data  is  compared  with  model  data  generated 
using  TEMPUS,^  a  high-order  time-domain  electromagnetic  code.  Model  data  was  generated 
over  the  same  bandwidth  as  the  measurements  for  both  polarizations  using  a  computer-aided 
design  (CAD)  model  created  from  the  actual  bullet.  TEMPUS  data  sets  were  also  generated  for 
a  20-GHz  bandwidth,  from  20  GHz  to  40  GHz,  so  the  scattering  centers  could  be  readily 
identified.  In  each  of  the  following  plots  the  legend  is  as  follows:  HH20  and  W20  refer  to  the 

'1 

Kabakian,  Adour  V.;  Shankar,  Vijaya;  Hall,  William  F.  Unstructured  Grid-Based  Discontinuous  Galerkin  Method  for 
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20-GHz  model  data;  HH3  and  VV3  refer  to  the  3.4-GHz  model  data;  HH  and  VV  refer  to  the 
measured  3.4-GHz  data.  Figure  2  shows  HRR  profdes  for  the  five,  head-on,  datasets  with  the 
CAD  model  superposed  for  reference. 
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Figure  2.  HRR  profiles  for  head-on  orientation. 


Based  on  initial  comparisons  with  the  model  data  it  had  been  determined  that  the  measurements 
were  not  precisely  head-on  but  with  an  approximately  2.5'’  elevation  angle  and  an  approximately 
0.5°  azimuth  angle  between  the  bullet  axis  and  radar  beam.  This  offset  from  head-on  is  the  likely 
cause  of  the  amplitude  difference  between  the  measured  and  modeled  data  shown  in  figure  2. 

Figures  3  and  4  show  HRR  profiles  for  both  vertical  and  horizontal  copolarization  data  with 
CAD  model  image  overlays  of  the  bullet  aligned  as  expected  for  the  measured  profiles. 
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Figure  3.  HRR  profiles  for  broadside  orientation. 
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Figure  4.  HRR  profiles  for  backside  orientation. 
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Conclusions 


The  co-polarization  HRR  profiles  of  a  .50  caliber  bullet  were  measured  and  compared  with 
modeled  results  computed  using  a  high-order  time-domain  electromagnetic  code  and  very  good 
agreement  is  found  between  these  datasets.  Co-polarization  RCS  sensitivity  is  shown  to  be 
responsible  for  as  much  as  6-dB  differences  between  experimental  and  modeled  data,  though 
deviations  from  0-deg  azimuth  angle  may  account  for  part  of  the  reduction. 
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